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(57) ABSTRACT

A printhead or other fluid handling device includes a firing
chamber. Plural actuators are configured to cause fluid to be
drawn into or ejected from the firing chamber. The actuators
can also cause fluid to circulate within the firing chamber
without appreciable fluid flow out of or into the firing cham-
ber. Electronic signals independently control the respective
actuators in accordance with various operating modes. Prob-
lems associated with fluid drying, separation of constituents
within the fluid and other phenomenon are reduced or elimi-
nated accordingly.
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1
FLUID CIRCULATION WITHIN CHAMBER

BACKGROUND

Ink-jet printers form images on media by controlled ejec-
tion of ink from a printhead. Ink is present within a particular
firing chamber of the printhead prior to being ejected through
acorresponding nozzle. However, dogging of an inkjet nozzle
can occur ifink is allowed to dwell within a firing chamber for
sufficient time to dry out. Additionally, dwell time can cause
constituents in the ink to stratify or precipitate out of solution.
Such dogging, stratification or precipitation can result in mal-
formed images, improper color rendition, streaks or other
artifacts on the printed media, and so on. The present teach-
ings address the foregoing and related concerns.

BRIEF DESCRIPTION OF THE DRAWINGS

The present embodiments will now be described, by way of
example, with reference to the accompanying drawings, in
which:

FIG. 1A depicts section view of a system in an idle opera-
tion according to one example of the present teachings;

FIG. 1B depicts the system of FIG. 1A in a fluid ejection
operation;

FIG. 1C depicts the system of FIG. 1A in a fluid refill
operation;

FIG. 1D depicts the system of FIG. 1A in a fluid circulation
operation;

FIG. 2 depicts a table of operating modes according to
another example;

FIG. 3 depicts a schematic diagram of a system according
to yet another example;

FIG. 4 depicts a flow diagram of a method according to the
present teachings;

FIG. 5 depicts a block diagram of a printing apparatus
according to another example.

DETAILED DESCRIPTION
Introduction

Apparatus and methods related to inkjet printing or other
fluid handling are provided. A printhead or other device
includes a firing chamber. Plural actuators are configured to
cause a fluid to be drawn into the firing chamber by way of an
inlet port, and to cause an ejection or “firing” of the fluid
through a nozzle. The actuators are also configured to cause a
circulation of the fluid within the firing chamber, without any
appreciable flow of the fluid into or out of the firing chamber.
Electronic signals independently control the respective actua-
tors in accordance with various operating modes. Various
problems associated with fluid drying, dwell time, or other
aspects are reduced or eliminated.

In one example, an apparatus includes a material defining
a firing chamber of a fluid dispensing device. The apparatus
also includes a diaphragm defining one wall of the firing
chamber. The apparatus additionally includes plural actuators
that are configured to manipulate the diaphragm so as to
circulate a fluid within the firing chamber in accordance with
control signaling. The circulating is performed without fluid
flow into or out of the firing chamber.

In another example, a method includes the step of control-
ling two or more actuators of a printhead. The method also
includes circulating ink within a firing chamber of the print-
head by way of the controlling.
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First Illustrative System

Attention is now turned to FIG. 1A, which depicts a system
100 according to the present teachings. The system 100 is
illustrative and non-limiting with respect to the present teach-
ings. Other systems, devices, printheads and apparatus hav-
ing other respective characteristics can also be defined and
used. In at least one example, the system 100 is also referred
to as an inkjet printing system 100 or a portion thereof. In one
example, such an inkjet printing system 100 includes or is
defined by a side-shooter printhead.

The system 100 includes a solid material 102 (depicted in
sectional view) formed to define a firing chamber (chamber)
104. In one example, the solid material 102 is silicon formed
by way of photolithography or another suitable process.
Other suitable materials or formative processes can also be
used. In one example, the chamber 104 is defined by an
internal volume or cavity of 75 picoliters (i.e., 1 pico-
liter=10""2 liters). Other suitable volumes can also be used.

The solid material 102 is also formed to define an inlet port
106 and a nozzle 108 both of which are in fluid communica-
tion with the chamber 104. In one example, the inlet port 106
is defined by a cross-sectional area (or throat) of 7500x10~'2
meters squared, and the nozzle 108 is defined by a throat of
800x107*% meters squared. Other suitable dimensions can
also be used.

The system 100 also includes a diaphragm 110 defining a
wall of the chamber 104. Thus, the chamber 104 is substan-
tially enclosed but for the inlet port 106 and the nozzle 108.
The diaphragm 110 is formed from material having suitable
elastic or plastic characteristics such as glass. Other suitable
materials can also be used. Flexing of the diaphragm 110
alters (i.e., reduces or increases) the internal volume of the
chamber 104. The diaphragm 110 is depicted in an “idle” or
“resting” state in FIG. 1A.

The system 100 also an actuator 112 and an actuator 114.
The respective actuators 112 and 114 are in contact with and
configured to flex the diaphragm 110 toward (i.e., compress)
and away from (i.e., expand) the chamber 104. The actuators
112 and 114 are thus configured to reduce or increase the
internal volume of the chamber 104 by way of corresponding
manipulations of the diaphragm 110. In one example, the
actuators 112 and 114 are respectively defined by piezoelec-
tric actuators (or transducers). Other suitable actuators can
alsobeused. The actuators 112 and 114 operate in accordance
with electrical signals provided thereto.

The system 100 also includes control circuitry 116. The
control circuitry is configured to provide respective electrical
control signals to the actuator 112 and the actuator 114. Thus,
the control circuitry 116 can independently control the actua-
tors 112 and 114. The control circuitry 116 can be defined by
or include any suitable constituency including, for non-lim-
iting example, a microprocessor or microcontroller, a state
machine, analog or digital or hybrid circuitry, a application
specific integrated circuit (ASIC), and so on.

In particular, the control circuitry 116 can cause the actua-
tors 112 and 114 to manipulate or drive the diaphragm 110 so
as to cause fluid (e.g., printing ink, another liquid, and so on)
to be drawn into the chamber 104 through the inlet port 106,
to eject fluid out of the chamber 104 through the nozzle 108,
and to circulate fluid within the chamber 104 without appre-
ciable flow through either the inlet port 106 or the nozzle 108.

The illustrative system 100 includes two actuators 112 and
114, respectively, in the interest of clarity. However, the
present teachings contemplate other examples having any
suitable number of actuators configured to act upon a firing
chamber of a printhead or other construct.
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Tustrative Fluid Ejection Operation

Reference is now made to FIG. 1B, which depicts the
system 100 in a fluid ejection state of operation. The control
circuitry 116 provides control signaling to the respective
actuators 112 and 114 causing them to flex the diaphragm 110
toward the interior of the chamber 104. The internal volume
of the chamber 104 is thus reduced, relative to it resting (or
idle) volume as depicted in FIG. 1A.

Fluid such as, for non-limiting example, printing ink, is
forcibly ejected out of the chamber 104 by way of the inward
flexure of the diaphragm 110. A relatively greater quantity of
fluid is ejected out of the nozzle 108 as indicated by arrow
118. A relatively lesser (or insignificant) quantity of fluid is
ejected out of the inlet port 106 as indicated by the dashed
arrow 120. This is due to the fact that, under normal illustra-
tive operations, a flow of fluid out of the nozzle 108 is resisted
only by a meniscus and ambient air, while a flow of fluid out
of the inlet port 106 is resisted by a mass like fluid within a
supply conduit. The quantity of fluid ejected through the
nozzle 108 can be controlled in accordance with normal ink-
jetprinting operations. Other suitable applications can also be
used.

Tustrative Fluid Refill Operation

Reference is now made to FIG. 1C, which depicts the
system 100 in a fluid refill state of operation. The control
circuitry 116 provides control signaling to the respective
actuators 112 and 114 causing them to flex the diaphragm 110
away from the interior of the chamber 104. The internal
volume of the chamber 104 is thus increased, relative to it
resting volume as depicted in FIG. 1A.

Fluid, such as printing ink, is forcibly drawn into the cham-
ber 104 by way of the outward flexure of the diaphragm 110.
A relatively greater quantity of fluid (e.g., ink) is drawn
through the inlet port 106 as indicated by arrow 118. A rela-
tively lesser (or insignificant) quantity of fluid, or the menis-
cus alone, is drawn inward through the nozzle 108 as indi-
cated by the dashed arrow 124. This behavior is attributable to
the mass of fluid present at the inlet port 106 and the greater
cross-sectional (throat) area of the inlet port 106 relative to
that of the nozzle 108. The quantity of fluid drawn through the
inlet port 106 can be controlled in accordance with normal
ink-jet printing operations. Other suitable applications can
also be used.

Tustrative Fluid Circulation Operation

Attention is turned now to FIG. 1D, which depicts the
system 100 in a fluid circulation state of operation. The con-
trol circuitry 116 provides control signaling to the actuators
112 and 114 causing them to operate independently and with
a phase difference of one-hundred eighty degrees between
them. That is, the actuators 112 and 114 are individually
controlled so as to flex the diaphragm 110 in opposite direc-
tions, out of phase, toward and away from the interior of the
chamber 104.

As depicted, the actuator 112 has flexed (or driven) an
affected portion of the diaphragm 110 toward the interior of
the chamber 104, while the actuator 114 has flexed another
portion of the diaphragm 110 away from the interior of the
chamber 104. In response, a portion of the chamber 104 is
reduced in volume and another portion is increased in vol-
ume. This causes fluid (e.g., ink) within the chamber 104 to
flow toward the greater volumetric portion as indicated by the
arrow 126. This represents one-half cycle of operation of the
actuators 112 and 114 during fluid circulation.

Conversely, the actuators 112 and 114 are signaled to flex
the diaphragm 110 in respectively opposite directions during
a following half-cycle of operation. Fluid within the chamber
104 responds by flowing toward the other volumetric portion
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as indicated by the dashed arrow 128. It is noted that the
overall internal volume of the chamber 104 as depicted in
FIG. 1D is not appreciably changed relative to the resting
volume depicted in FIG. 1A during fluid circulation opera-
tion.

The full-cycle effect is that fluid is circulated back and
forth within the chamber 104 and without flow (or without
appreciable flow) through either the inlet port 106 or the
nozzle 108. Such circulation of fluid functions to prevent
drying, stratification, precipitation, or other phenomenon that
can lead to clogging of the nozzle 108 or other undesirable
results. It is also noted that such circulation of fluid within the
chamber 104 does not require, or can be performed indepen-
dent of, circulation of that fluid within other portions of an
associated printhead, printer, fluid dispensing device, or other
apparatus.

Tlustrative Table of Operating Modes

Reference is made now to FIG. 2, which depicts a table 200
of respective operating modes in accordance with the present
teachings. The table 200 is directed to a system having two
actuators affective with respect to a single firing chamber.
Thus, the table 200 corresponds to illustrative operating
modes for system 100. However, the present teachings con-
template other systems having other numbers of actuators and
operating in accordance with respectively varying modes and
characteristics. Thus, the table 200 is illustrative and non-
limiting with respect to the present teachings.

Row 202 of the table 200 depicts actuator functions and
results for a first mode of operation. Specifically, a first actua-
tor “#1” (e.g., 112) and a second actuator “#2” (e.g., 114) are
idle or at rest, such that a phase difference of zero degrees is
defined between them. The result is no flow of fluid into, out
of, or within a corresponding firing chamber (e.g., 104). The
row 202 corresponds to the idle mode depicted in FIG. 1A.

Row 204 depicts a second mode of operation. The first
actuator and the second actuator are both exerting compres-
sive or inward-directed forces upon a diaphragm (e.g., 110).
This mode is pulse-like in character and can be a portion of
another operation. A phase difference of zero degrees is
defined between their respective actions. The result is a flow
of fluid out of the corresponding firing chamber, with the
greater relative flow being through a nozzle (e.g., 108). The
row 204 corresponds to the fluid ejection (or firing) mode
depicted in FIG. 1B.

Row 206 depicts a third mode of operation. The first actua-
tor and the second actuator are both exerting expansive or
outward-directed forces upon a diaphragm. A phase differ-
ence of zero degrees is defined between their respective
actions. This mode is pulse-like in character and can be a
portion of another operation. The result is a flow of fluid into
the corresponding firing chamber, with the greater relative
flow being through an inlet port (e.g., 106). The row 206
corresponds to the fluid refill mode depicted in FIG. 1C.

Row 208 depicts a fourth mode of operation. The first
actuator is exerting a repeated cycle of: compressive—to
expansive—to compressive forces upon a portion of a dia-
phragm. The second actuator is exerting a repeated cycle of:
expansive—to compressive—to expansive forces upon
another portion of the diaphragm. A phase difference of one-
hundred eighty degrees is therefore defined between the
respective actuators. The result is a circulation of fluid within
the firing chamber, with little or no flow through either the
inlet port or the nozzle. The row 208 corresponds to the fluid
circulation mode depicted in FIG. 1D.

Row 210 depicts a fifth mode of operation. The first actua-
tor lags the second actuator while each exerts an idle—to
compressive—to idle sequence of forces upon respective por-
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tions of the diaphragm. This mode is pulse-like in character
and can be a portion of an overall cyclic operation. A phase
difference of ninety degrees is therefore defined between their
respective actions. The result is an ejection or firing of fluid
from the firing chamber by way of the nozzle.

Row 212 depicts a sixth mode of operation. The first actua-
tor leads the second actuator while each exerts an idle—to
expansive—to idle sequence of forces upon respective por-
tions of the diaphragm. This mode is pulse-like in character
and can be a portion of an overall cyclic operation. A phase
difference of ninety degrees is therefore defined between their
respective actions. The result is a refilling of fluid into the
firing chamber by way of the inlet port.

Second Illustrative System

Reference is now directed to FIG. 3, which depicts a sche-
matic diagram of a system 300 in accordance with the present
teachings. The system 300 is illustrative and non-limiting in
nature. Other systems, devices and apparatus can also be
defined and used in accordance with the present teachings.

The system 300 includes an ink firing chamber (chamber)
302. The chamber 302 is configured to receive liquid printing
ink by way of an inlet port 304 and to eject ink out of a nozzle
306. The chamber 302 is defined by an idle or resting state
internal volume.

The system 300 also includes a count of (n+1) actuators,
represented by an actuator “#1” 308, an actuator “#2” 310 and
anactuator “#(n+1)” 312. Thus, the system 300 includes three
illustrative actuators 308, 310 and 312. However, it is to be
understood that such a system can include any suitable plu-
rality of actuators (i.e., 2, 3, 4, 5, and so on). Each of the
illustrative actuators 308-312 is configured to communicate
forces to the chamber 302 so as to eject ink from the nozzle
306, draw refill ink through the inlet port 304, circulate ink
within the chamber 302, and so on, in accordance with vari-
ous operating modes of the system 300.

The system 300 further includes control circuitry 314. The
control circuitry 314 can be defined by or include any suitable
electronic constituency or components. The control circuitry
314 includes (or is configured to function as) a waveform
generator 316. The waveform generator 316 provides signal-
ing such as, for example, sinusoidal waves, pulses, square-
waves or other waveforms in accordance with the various
operating modes of the system 300. As depicted, the wave-
form generator 316 provides an output signal 318 that is
coupled directly to the actuator 308.

The control circuitry 314 also includes (or is configured to
function as) a phase shifter “#1” 320. The phase-shifter 320 is
configured to receive the output signal 318 and to shift the
phase of that signal by a predetermined amount. The phase-
shifter 320 then provides a phase-shifted output signal 322 to
the second actuator 310.

In one example, the amount of the phase shift used during
circulation of ink within the chamber 302 is determined
according to the expression: PD=A*K*360/n; where:
PD=phase shift in degrees; n=total number of actuators (an
integer); A=a dimensionless correction factor for actuator
spacing, forces and other characteristics; and K=integer fac-
tor lesser than n. In one example, n=three, A=one, and K=one,
such that PD=one-hundred twenty degrees of phase shift.
Other phase shift examples or operating modes can also be
used.

The control circuitry 314 also includes (or is configured to
function as) a phase shifter “n” 324. The phase-shifter 324 is
configured to receive the output signal 318 and to shift the
phase of that signal by a predetermined amount. The phase-
shifter 324 then provides a phase-shifted output signal 326 to
the actuator 312. In one example, the amount of the phase
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6

shift is determined according to the expression described
above. Other examples can also be used.
lustrative Method

Reference is made now to FIG. 4, which is a flow diagram
of a method according to the present teachings. The flow
diagram of FIG. 4 depicts particular method steps and order
of execution. However, the present teachings contemplate
other methods including other steps, omitting one or more of
the depicted steps, or proceeding in other orders of execution.
Thus, the method of FIG. 4 is non-limiting with respect to the
present teachings.

At 400, actuators are operated so as to eject ink during
printing. For purposes of a present illustration, actuators 112
and 114 are controlled by way of control signaling provided
by control circuitry 116. The actuators are operated such that
printing ink is ejected from the chamber 104 through the
nozzle 108 so as to print image on a media (e.g., paper). The
actuators 112 and 114 are also operated so as to refill the
chamber 104 with printing ink by way of the inlet port 106.
Thus, normal typical inkjet printing operations are per-
formed.

At 402, the actuators are operated so as to circulate ink
within a firing chamber during non-printing. For purposes of
the present illustration, the actuators 112 and 114 are operated
with a one-hundred eighty degree phase difference between
them, such that ink is circulated within the chamber 104 and
without appreciable flow through the inlet port 106 or the
nozzle 108. This circulation mode can be performed continu-
ously, intermittently or periodically until the method returns
to step 400 above and normal printing operations are
resumed.

Tlustrative Printing Apparatus

Attention is turned now to FIG. 5, which depicts a block
diagram of a printing apparatus (printer) 500. The printer 500
is illustrative and non-limiting with respect to the present
teachings. Other printers or devices of respectively different
configurations or resources can also be used.

The printer 500 includes a print controller 502 configured
to control various normal operations of the printer 500. The
print controller 502 can be defined by or include a processor
configured to operate in accordance with a machine-readable
program code, an ASIC, a state machine, and so on. Other
constituency can also be used.

The printer 500 also includes a side-shooter printhead
(printhead) 504. The printhead 504 is configured to form
images on sheet media 506 in accordance with electronic
signaling provided by the print controller 502. The printhead
504 includes one or more firing chambers (e.g., 104) having
respective pluralities of actuators (e.g., 112, 114) configured
to function in accordance with the present teachings. Thus,
the printhead 504 can be operated such that an ink or inks can
be ejected from the respective firing chambers, refill the
chambers, be circulated within the chambers, and so on.

The printer 500 also includes an ink supply 508. The ink
supply 508 is configured to provide one or more colors of
printing ink to the printhead 504 by way of fiuid coupling
there between. In one example, the ink supply 508 is distinct
from the printhead 504. In another example, the ink supply
508 is at least partially integrated with the printhead 504.
Other suitable configurations can also be used.

The printer 500 further includes other resources 510. The
other resources 510 can be defined by any suitable constitu-
ency including, without limitation, a power supply, a user
interface, a display screen, network communications cir-
cuitry, wireless communications circuitry, computer-acces-
sible data storage, media handling or transport mechanisms,
and so on. Other constituents can also be used. One having
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ordinary skill in the printer or related arts can appreciate that
various resources can be incorporated within varying
embodiments of printers, and further elaboration is not
required for purposes of the present teachings.

Typical, normal operation of the printer 500 is as follows:
a data file corresponding to images to be printed onto media is
received by the print controller 502 from an external entity
(e.g., a computer). The print controller 502 provides elec-
tronic signaling to the printhead 504 so as to form the images
onto sheet media 506. Successive sheets of media 506 are
drawn from a supply 512, images (printing) formed thereon,
and then accumulated within a receiver 514 such that a docu-
ment of one or more printed sheets 506 is defined.

The ink supply 508 provides liquid ink (or inks) to the
printhead 504 as needed during printing. At some time, a
complete document has been printed and is awaiting user
collection in the receiver 514. During this idle time between
print jobs, the print controller 502 signals respective actuators
(e.g., 112, 114) within the printhead 504 to circulate ink
within the respective firing chambers (e.g., 104) thereof.

This ink circulation functions to prevent stratification, dry-
ing, and so on of the ink (or inks), further preventing dogged
nozzles or other problems that can result. The printer 500 can
then resume normal printing operations at some time there-
after. This print-circulate-print sequence can be repeated
indefinitely, protecting the printer 500 against various dwell
time-related.

The present teachings contemplate any number of
examples in which a plurality of actuators affects operation of
a firing chamber, such as those in an inkjet printhead. The
actuators can be piezoelectric or another suitable type. Elec-
tronic signals individually control each actuator during fluid
ejection (e.g., printing), fluid refill or fluid circulation modes
of operation. Phase differences between the respective actua-
tor signals correspond to the different operating modes.

A vparticular chamber (e.g., ink firing chamber) can be
affected or manipulated by any suitable number of actuators
in accordance with control signaling. Inkjet printers, fluid
measuring instruments, pharmaceutical dispensing or pack-
aging devices and other apparatus can be defined and oper-
ated according to the present teachings.

In general, the foregoing description is intended to be illus-
trative and not restrictive. Many embodiments and applica-
tions other than the examples provided would be apparent to
those of skill in the art upon reading the above description.
The scope of the invention should be determined, not with
reference to the above description, but should instead be
determined with reference to the appended claims, along with
the full scope of equivalents to which such claims are entitled.
It is anticipated and intended that future developments will
occur in the arts discussed herein, and that the disclosed
systems and methods will be incorporated into such future
embodiments. In sum, it should be understood that the inven-
tion is capable of modification and variation and is limited
only by the following claims.

What is claimed is:

1. An apparatus, comprising:

a material defining a firing chamber of a fluid dispensing

device;

a diaphragm defining one wall of the firing chamber; and

plural actuators configured to manipulate the diaphragm so

as to circulate a fluid within the firing chamber in accor-
dance with control signaling, the circulating performed
without fluid flow into or out of the firing chamber.

2. The apparatus according to claim 1, the material also
defining an inlet port in fluid communication with the firing
chamber, the actuators configured to manipulate the dia-
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phragm so as to draw a fluid into the firing chamber by way of
the inlet port in accordance with control signaling.

3. The apparatus according to claim 1, the material also
defining a nozzle in fluid communication with the firing
chamber, the actuators configured to manipulate the dia-
phragm so as to eject a fluid out of the firing chamber by way
of'the nozzle in accordance with control signaling.

4. The apparatus according to claim 1 further comprising
electronic circuitry to provide respective control signals to the
actuators.

5. The apparatus according to claim 4, the electronic cir-
cuitry such that the actuators are controlled in accordance
with a phase difference between adjacent actuations of the
actuators so as to circulate a fluid within the firing chamber in
accordance with control signaling, the circulating performed
without fluid flow into or out of the firing chamber.

6. The apparatus according to claim 4, the electronic cir-
cuitry such that a phase difference is defined between those of
the control signals that are adjacent during the circulating, the
phase difference determined in accordance with:

PD=A*K*360/n;

where: PD=phase difference between those of the control
signals, for actuating the actuators, that are adjacent in
degrees;
n=total number of actuators of the firing chamber;
A=dimensionless correction factor; and
K=integer factor lesser than n [K=1, 2, ..., n-1].

7. The apparatus according to claim 5, the phase difference
being such that one actuator leads another of the actuators by
about ninety degrees of phase.

8. The apparatus according to claim 1, the fluid dispensing
device being defined by a printhead configured to be fluidly
coupled to at least one source of printing ink.

9. The apparatus according to claim 1, the fluid dispensing
device defined by a side-shooter printhead.

10. The apparatus according to claim 1, the fluid dispensing
device defined by a printhead, the apparatus further compris-
ing a controller configured to cause the printhead to print
images on media by way of signaling to the actuators.

11. The apparatus according to claim 1, at least one of the
actuators defined by a piezoelectric-type actuator.

12. A method, comprising:

controlling two or more actuators of a printhead; and

circulating ink within a firing chamber of the printhead by

way of the controlling, the controlling during the circu-
lating ink done in accordance with a phase difference
between adjacent actuations of actuators as determined
by:

PD=A4*K*360/n;

where:
PD=phase difference between adjacent actuations of the
actuators in degrees;
n=total number of actuators of the firing chamber;
A=dimensionless correction factor; and
K=integer factor lesser than n [K=1, 2, ..., n-1].
13. The method according to claim 12, the circulating
performed without ink flow into or out of the firing chamber.
14. The method according to claim 12 further comprising
controlling the actuators to at least eject ink from the firing
chamber through a nozzle of the printhead, or to draw ink into
the firing chamber through inlet port of the printhead.
15. The apparatus according to claim 1, further comprising
electronic circuitry, the electronic circuitry to actuate the
actuators such that adjacent actuations of the actuators occurs
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with a phase difference based upon 360 degrees/n, wherein n
is a number of actuators being successively actuated.

16. The method of claim 15, wherein the actuators com-
prise a first actuator and a second actuator and wherein the
electronic circuitry is to actuate the first actuator and the
second actuator with a phase difference of 180° between
actuations the first actuator and actuation of the second actua-
tor.

17. An apparatus comprising:

a fluid firing chamber;

a nozzle adjacent fluid firing chamber;

independently actuatable actuators along the fluid firing

chamber; and

electronic circuitry to independently actuate the actuators

with a phase difference PD between adjacent actuations
based upon 360 degrees/n, wherein n is a number of the
independently actuatable actuators being successively
actuated along the fluid firing chamber.

18. The apparatus of claim 17, wherein the independently
actuatable actuators comprise a first actuator and a second
actuator and wherein the phase difference between successive
adjacent actuation of the first actuator and the second actuator
is 180 degrees.

19. The apparatus of claim 17, wherein the phase differ-
ence is such that fluid is circulated within the firing chamber
without fluid flow into or out of the firing chamber.

20. The apparatus of claim 17 further comprising a dia-
phragm forming one wall of the firing chamber and extending
between the actuators and the firing chamber, wherein the
actuators manipulate the diaphragm.
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